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ABSTRACT 
 
One of the major sources of air pollution in the United States metropolitan areas is 
due to automobiles. With the huge growth of motor vehicles and, greater dependence on 
them, air pollution problems have been aggravated. According to the EPA, nearly 95% of 
carbon monoxide (CO ) (EPA 1999) in urban areas comes from mobile sources, of which 
51% is contributed by on road vehicles. It is well known fact that, carbon monoxide is 
one of the major mobile source pollutants and CO has detrimental effects on the human 
health. Carbon monoxide is the result of mainly incomplete combustion of gasoline in 
motor vehicles (FDOT 1996). The National Environmental Policy Act (NEPA) gives 
important considerations to the actions to be taken. Transportation conformity . The 
Clean Air Act Amendments (CAAA, 1970) was an important step in meeting the 
National Ambient Air Quality Standards  
In order to evaluate the effects of CO and Particulate Matter (PM) impacts based 
on the criteria for NAAQS standards, it is necessary to conduct dispersion modeling of 
emissions for mobile source emissions. Design of transportation engineering systems 
(roadway design) should take care of both the flow of the traffic as well as the air 
pollution aspects involved. Roadway projects need to conform to the State 
Implementation Plan (SIP) and meet the NAAQS. EPA guidelines for air quality 
modeling on such roadway intersections recommend the use of CAL3QHC. The model 
has embedded in it CALINE 3.0 (Benson 1979) – a line source dispersion model based 
on the Gaussian equation. The model requires parameters with respect to the roadway 
geometry, fleet volume, averaging time, surface roughness, emission factors, etc. The 
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CAL3QHC model is a DOS based model which requires the modeling parameters to be 
fed into an input file. The creation of input the file is a tedious job. Previous work at 
UCF, resulted in the development of CALQVIEW, which expedites this process of 
creating input files, but the task of extracting the coordinates still has to be done 
manually. 
The main aim of the thesis is to reduce the analysis time for modeling emissions 
from roadway intersections, by expediting the process of extracting the coordinates 
required for the CAL3QHC model. Normally, transportation engineers design and model 
intersections for the traffic flow utilizing tools such as AutoCAD, Microstation etc. This 
thesis was to develop advanced software allowing graphical editing and coordinates 
capturing from an AutoCAD file. This software was named as CALQCAD. This 
advanced version will enable the air quality analyst to capture the coordinates from an 
AutoCAD 2004 file. This should expedite the process of modeling intersections and 
decrease analyst time from a few days to few hours. The model helps to assure the air 
quality analyst to retain accuracy during the modeling process. The idea to create the 
standalone interface was to give the AutoCAD user full functionality of AutoCAD tools 
in case editing is required to the main drawing. It also provides the modeler with a 
separate graphical user interface (GUI).  
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 CHAPTER 1: INTRODUCTION 
 
Carbon monoxide is known to cause adverse health effects such as dizziness, 
cardiovascular, headaches etc. It is also one of the major pollutants emitted from 
automobiles in the United States. Carbon monoxide is also listed by EPA as one of the 
six criteria pollutants. According to the most recent reports of EPA, on road vehicles 
account for nearly 51% of the pollution (EPA 1999). The following two charts (Figure 2 
and 3) depict the distribution of the contribution made by types of sources. According to 
the Federal Highway Administration (FHA) in 2002, on-road transportation sources 
accounted for 55 percent of carbon monoxide (CO) emissions, 35 percent of nitrogen 
oxides (NOx) emissions, 27 percent of volatile organic compounds (VOC) emissions, and 
1 percent of particulate matter (PM-10) emissions  The trends for 2002 are depicted in 
Figure 1 indicate a significant decrease in the CO pollution. 
 
Figure 1: National concentrations of CO based on 8 hour average (EPA 2004). 
20 
  
Figure 2: National Emissions by source of Carbon Monoxide (EPA 1999). 
 
 
 
Figure 3: National Emissions by source of carbon monoxide by type of  On Road Mobile 
Sources (EPA 1999) 
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Thus, it is clear that a major source of carbon monoxide in the United States is via 
transportation systems. Incomplete combustion of fuel causes carbon monoxide 
emissions.  In order to deal with air pollution problems efforts were made to control it 
through laws such as the CAA (Clean Air Act) Amendments of 1970 in order to attain the 
National Ambient Air Quality Standards (United States. Environmental Protection 
Agency. Strategies and Air Standards Division.). In order to fund the projects that reduce 
the criteria air pollutants or improve the transportation plans, the  CMAQ (Congestion 
Mitigation and Air Quality Analysis) program was established through the Intermodal 
Surface Transportation Efficiency Act (ISTEA).  From amongst the objectives that 
ISTEA has, one of the main objectives is to see that the quality of air is not degraded.  
The main objective of the CMAQ program is to fund the transportation projects that 
reduce the transportation emissions in non-attainment or maintenance areas. CMAQ 
program is jointly administered by the FHA (Federal Highway Administration and the 
FTA (Federal Transit Administration) 
 An indirect source is any type of facility which attracts mobile sources (UCF 2004). 
It is not possible to measure the carbon monoxide concentrations from mobile sources 
along every roadway all year long in order to evaluate the CO impacts mainly because of 
the costs involved with it. Furthermore, in order to predict the concentrations in the 
future, modeling is the only possible solution. The main purpose of dispersion modeling 
is to predict the behavior of dispersion and the final concentrations at the desired 
locations (UCF 2004). Using modeling, impacts of indirect sources on the spatial CO 
concentrations can be evaluated (USEPA 2000). The CO impacts are evaluated based on 
the criteria for the violation of NAAQS, which are, 35 ppm for 1 hour and 9 ppm for 8 
22 
hour  concentration (USEPA 2000). A violation is said to occur according to the EPA 
guidelines if there are two or more exceedances of the NAAQS per year (USEPA 2000).  
However, analyzing the impacts from transportation systems is a complex task. 
There are uncertainties associated with the dispersion of pollutants in relation to 
meteorological, topographical, driving conditions, driving habits and vehicle activity etc. 
which make the task of modeling much more difficult. Accordingly, EPA guidelines 
recommend the use of CAL3QHC for detailed intersection modeling. It has been widely 
accepted amongst the air quality analysis community for modeling of intersections 
(Samson 1997). Dispersion modeling can be achieved using several other models such as  
numerical models ( Danard 1972, Ragland and Peirce 1975), and Gaussian models, 
HIWAY (Peterson 1980).Dispersion modeling is an integral part of the metropolitan 
planning process. In order to monitor and evaluate the ongoing projects with respect to 
the objectives of the transportation implementation plan, dispersion modeling serves as 
an evaluation tool. In non-attainment areas especially, modeling becomes necessary in 
order to evaluate the transportation improvement plans. CFR40 93.126 list the projects 
which are exempt from air quality analysis.  
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CHAPTER 2: LITERATURE REVIEW 
 
2.1 Background: 
 
Transport and dispersion of pollutants from the roadway to the receptor locations 
can be evaluated using modeling. Dispersion of pollutants in the atmosphere is a function 
of the wind speed, emission rate, stability class and several other factors (Cooper and 
Alley 2002). Wind speed, wind direction and stability class can vary widely throughout 
the year. There are numerous models used for atmospheric dispersion, many of which 
including CAL3QHC, are based on the Gaussian equations and hence the main focus in 
this discussion will be on Gaussian theory.  
Consider a point source emitting a continuous stream of pollutants. Under steady 
state conditions the plume is observed to rise and then bend over (Cooper and Alley 
2002). The pollutants are further diluted and transported downwind away from the 
source. The transport phenomenon of the pollutants is governed by the wind pattern 
(direction, angle, speed)  and the gradient in the concentrations from the source to the 
surroundings Mixing and dilution of the plume occurs because of eddies, as the plume is 
in turbulence. Due to the changes in the wind direction, the spreading of the plume takes 
place. Hence, the concentrations of the pollutants are measured over an averaging time 
basis, rather than instantaneously. 
Pasquill (1961) showed that the binormal behavior of the plume can be modeled 
using double Gaussian equations, governed by the fact that the concentration of the 
pollutants can be normally distributed around a maximum. Williamson (1973) observed 
that the time averaged pollutant concentration downwind was normally distributed in the 
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vertical direction (Williamson 1973). It was also observed at distances away from the 
source the pollutant concentrations decreased while spreading in the horizontal direction. 
Spreading of the plume also occurs in the vertical direction; hence the distribution is 
termed as bi-normal (Cooper and Alley 2002). Modeling this is achieved by holding the 
wind to be constant and accounting for the spread by the eddy diffusivities. Second order 
differential equations have been derived by researchers, in order to study this behavior; 
the Fickian diffusion equation is one such solution to those equations. However, the 
assumption with the solution of Fickian Equations that the wind is steady is far from 
reality, hence it is scarcely used.  
 
 
 
Figure 4: Spreading of Plume(Samson 1988) 
25 
 Gaussian based equations are based on the fact that dispersion of the pollutants 
can be described as statistical in nature. Researchers (Davis, 1985) have corroborated this 
fact with the help of lab experiments. A Gaussian equation for a point source is given by: 
 
( ) ( )
⎪⎭
⎪⎬
⎫
⎪⎩
⎪⎨
⎧
⎥⎦
⎤⎢⎣
⎡
⋅
+⋅−+⎥⎦
⎤⎢⎣
⎡
⋅
−⋅−⋅⎟⎟⎠
⎞
⎜⎜⎝
⎛ ⋅−⋅⋅⋅⋅= 2
2
2
2
2
2
2
1exp
2
1exp
2
1exp
2 zzyzy
HzHzy
u
QC σσσσσπ                 (1) 
 
 
where  
C = steady state concentration at a point(x,y,z) ( )3/ mgµ  
Q = emissions rate, sg /µ  
σ y, σ z = horizontal and vertical spread parameters,m  
 (these are functions of distance, x and atmospheric stability) 
u = average wind speed at a stack height, m/s 
y= horizontal distance from plume centerline, m 
z= vertical distance from ground level, m  
H = effective stack height (H=h+∆h, m 
where h=physical stack height and ∆h=plume rise) 
The presence of the solid boundary at the ground level can be assumed in order to 
satisfy the conservation of mass. The second exponential term (with (z+H) term) does 
exactly this. The ground is assumed to be a perfect reflector and hence, this fact is 
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accounted by adding an imaginary source placed below the ground surface as shown in 
the Figure 5. 
 
 
Figure 5: Reflection due to an imaginary source (Samson 1988) 
 
Some of the implicit assumptions of the Gaussian equations are: (Samson 1997) 
• With respect to the emission rates, the model takes into consideration that the 
emission rate of pollutants is constant and any fluctuations in emission rates are 
ignored. 
• With respect to the meteorology, it’s assumed that wind direction and speed are 
constant. Also, the meteorological conditions at the source and the receptor are 
consistent. 
• Since the Guassian model is based on steady state conditions it is also generally 
assumed that the pollutant remains in the same chemical state after its release. It 
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implies that there are no chemical reactions taking place after the pollutant release 
and also the pollutant does not take part in precipitation, adsorption, and 
absorption. 
Some of the characteristics of the Gaussian curve are: 
• The wind speed is inversely proportional to the downwind concentrations. 
• As one moves away from the source the centerline ground level concentration 
gradient is observed to decline. It is due to the fact that the pollutants disperse in 
the vertical and horizontal directions away from the source. 
• The ground level concentrations are inversely proportional to the stack height. 
The plume scales are dependant on a number of factors such as (Turner 1970): 
• Roughness length Zo and friction velocity µx  which help in defining the degree of 
mechanical turbulence. 
• Mixing depth zi, and Monin Obukhov length L, or the heat flux are used as 
measures of convective turbulence. 
• Wind speed U, wind direction fluctuations σθ. . 
In order to estimate the dispersion of windborne material several important 
contributions were made by Pasquill, Gifford and several others. One of the important 
contributions was made by Pasquill to the field of atmospheric dispersion modeling 
(Pasquill 1961). Since, the plume scales are a strong function of the meteorology, 
accurate concentrations cannot be predicted without evaluating the plume spread 
parameters. Pasquill obtained l (the vertical spreading) and N (the horizontal spreading ) 
of the plumes using meteorological measurements based on a short averaging time period 
of 10 minutes. Pasquill presented this information in terms of atmospheric stability 
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classes. The atmospheric stability classes are designated from A to F, where A 
corresponds to extremely unstable, F to extremely stable, while D corresponds to neutral 
conditions. Gifford (1961) correlated (the l and N system), to a family of curves based on 
the plume scale parameters σ y and σ z. The curves are based on a sampling time of three 
minutes, roughness of 3 cm and wind speeds greater than 2 m/s. Hence, they are also 
known as Pasquill-Gifford system curves. Turner put the curves into the present format 
(Turner 1970). 
 
2.2 Line Source Models: 
 
The basic functioning of line source models can be explained in three steps as 
shown in Figure 6. First, the line source model requires inputs from the emissions model 
in terms of emission factor, second it uses algorithms to calculate the final air quality at 
the receptor locations.  
 
 
Emissions Model 
 
Dispersion Model 
 
Projected Air 
Quality 
Surface 
roughness, 
Stability 
factor, Traffic 
volume, EF 
Year, 
Temperature, 
Speed etc. 
EF
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Figure 6: Modeling Inputs (Samson 1988) 
 
Line source models depict the roadway as a line of infinitesimal point sources 
distributed equally over the link. The wind direction is assumed to be parallel to the x-
direction. The ground level concentration at any point downwind from the link can be 
estimated p the effects point sources. Contribution from a 
link, or a  line, to the receptors can be given as (Cooper and Alley 2002): 
by adding u
 segment of the
 due to individual 
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2
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where K is a constant, 
 
⎪⎭
⎪⎫
⎪⎩
⎪⎧ ⎤
⎣
⎡ +−
⎦
⎤
⎣
⎡ −−
2
2
2
2
2
)(
2
)(
zzz
HzHz
u
q
σσσ ⎬⎨ ⎥⎦⎢
+⎥⎢= expexpK                                                              (4) 
Substituting 
 
y
yB σ=  the equation evaluates a simpler form. 
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 5 can be solved for the Gaussian distribution functions. 
Several line source models are accepted by EPA, such as CALINE4, HIWAY and 
CAL3QHC, but CAL3QHC is the most preferred line source model.  
 
.3 CALINE3.0: 
 
CALINE3.0 is a line source (referred as roads, highways or links)  model developed 
by the California Department of Transportation (Benson 1979, 1984). CALINE3.0 has 
the ability to model, wind directions parallel to the road as well as those perpendicular to 
the road using the (finite link - line source method). Based on linear emission factors, 
wind direction, surface roughness; the mode ncentrations for each 
recepto account 
e meters on each 
ide of the roadway known as the mixing zone. Initial dispersion in the mixing zone is 
amount of time the air remains in the mixing zone (Benson 1989). The 
last addition to the CALINE3.0 family of models was CALINE4 (Benson 1984). It 
inc
Finally equation
2
l calculates the co
r location of interest. The dispersion parameters are modified to take into 
the effects of vehicular turbulence (Benson 1992). In order to account for the additional 
turbulence caused by the moving vehicles, CALINE3.0 considers thre
s
determined by the 
ludes a modeling capability for NO2 formation and for aerosols (Benson 1984).  
 
2.4 UCD 2001 
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 UCD 2001 is an important addition to the dispersion modeling for mobile sou
The model represents each link as a three dimensional array that simulates the roadway 
mixing zone which extends 2.5 m above the highway link (Chang et al. 2003). The 
performance of the model in comparison with CALINE4 and CALINE3 was found to be
in better agreement with the field results from tracer gases. UCD also has the capability
of simulating near parallel, low wind speed (less than 0.5 m/s) meteorological conditions. 
The model utilizes the Huang’s semi- empirical advection convection equation. The 
model is only applicable for 3 m to 100 m downwind of a roadway. (Chang et al. 20
rces.  
 
 
03).  
he model also assumes that the emissions originate from a mixing zone height of 2.5  m 
ay and extends 3 m laterally past each traveled way. 
 
2.5 CA
ange 
 
 Precipitation. 
T
above the roadw
LPUFF 
 
CALPUFF has been adopted by EPA as the preferred model for assessing long r
transport of pollutants (EPA 2000). CALPUFF contains algorithms for near-source 
effects such as building downwash, partial plume penetration, transitional plume rise, and
subgrid scale terrain interactions as well as longer range effects such as pollutant 
removal, chemical transformation, vertical wind shear, and over water transport. 
CALPUFF also allows for the estimation of both primary and secondary particulate 
matter concentrations (Levy et al. 2001). It also contains pre and post processors for: 
 Geopysical data. 
. 
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 Surface and upper air met. 
 Visibility and deposition flux calculations. 
le 
a ers normally use models based on the “TRANPLAN” in order 
to p je w and the traffic volumes. Governmental agencies and planning 
dep m e and devise strategies to manage future traffic 
con i e and efficient transportation services. 
Hence, transportation modeling becomes a necessity.  One of the important tasks of the 
demand and the effect of new policies, 
rograms and projects on highways and transit facilities. Transportation Control 
Me  as 
order to 
 flow patterns in conjunction with modeling software’s 
appropriating the input factors which could have significant impact. For example, the 
Flo
 
2.5 Introduction to the Modeling Procedure: 
 
All dispersion models require inputs such as the emission factors and the vehic
volume for each intersection. Normally these traffic flow volumes are given by 
transportation engineers.  
 
Tr nsportation engine
ro ct the traffic flo
art ents are required to envisag
dit ons and flow patterns in order to provide saf
Transportation Engineers is to predict the travel 
p
asures (TCM) are required in order to meet the mobile source emission regulations
per the NAAQS standards. Models are developed by transportation engineers in 
predict the projected traffic
rida Department of Transportation (FDOT) utilizes the TRANPLAN model based on 
the lines of the Florida Standard Urban Transportation Model Structure (FSUTMS). It 
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takes into consideration factors such as socio-economic characteristics, population 
growth, land use etc.  
 
2.6 Emission Factor: 
 
The mass of a pollutant emitted with respect to a defined activity rate is known as 
emission factor (UCF 2004). The activity rate is represented by the vehicle miles tra
in the case of moving mobile emissions. Hence, mathematically the emission factor for 
CO can be depicted by,  
 
EFco= mass of CO emitted / vehicle miles traveled 
Similarly the idel e
veled 
mission factor can be expressed as follows: 
EFco= mass of CO emitted / hours of idle time 
Line source dispersion models such as CALINE require fleet averaged emission 
fact
e 
The emission factor is dependant on various factors such as fuel type, driving 
conditions, vehicle ty E6 is a 
ver ctors for pollutants 
based on a combination s, vehicle mix, 
 
ors. EPA recommends the use of MOBILE6.2 (EPA 2002)– an emission factor 
model. MOBILE6.2 model calculates the emission factors based on known distribution of 
vehicle types and vehicle ages in the fleet. It is written in FORTRAN and accesses a larg
database.  
pe and numerous other factors (EPA 2002).  MOBIL
satile model which has the capability to calculate the emission fa
 of factors with respect to the ambient condition
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fuel mi  etc. The ambient conditions (e.g.: temperature, humidity, cloud cover) are 
differen  
n be 
 on the project level considerations the modeler can decide on degree of 
analysi
 
r 
 
 beyond the scope of this thesis to go through the entire set 
of para ters are 
ction, 
cally 
egin 
PUT FILE. It should be noted that MOBILE6 requires a 
min
x,
t during different times of the year; similarly, the vehicle mix keeps changing due
to the addition of new type of vehicles over a period of years. All of these factors ca
accounted for in MOBILE6.  
MOBILE6.1/6.2 is the latest addition to the MOBILE family of models. 
Depending
s needed in agreement with governing agencies. The higher the level of the 
analysis, the more would be the data collection requirements. However, MOBILE6
requires a minimum input data for calendar year, minimum and maximum daily 
temperature and fuel volatility. 
MOBILE6 classifies vehicles into 28 categories (EPA 2002). The user’s guide fo
MOBILE6 mentions the fact that this classification in most of the cases is not the same as 
that used for the vehicle registration hence the modeler should take care when referring to
the vehicle classification. It is
meters involved with MOBILE6. However, some of the important parame
discussed here.   
The MOBILE6 input file is divided into three distinct sections the HEADER se
the RUN data section and the SCENARIO section(EPA 2002). The input file is basi
a collection of the MOBILE6 commands laid out in proper structure. Input files b
with the command MOBILE6 IN
imum of the following seven commands in the input file (EPA 2002): 
 MOBILE6 INPUT FILE in the HEADER section 
 RUN DATA in the HEADER section 
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 FUEL RVP in the header or scenario section 
 Temperature as: MIN/MAX TEMPERATURE or HOURLY TEMPERATURE 
in run or scenario section. 
shown in the Figure 7 below: 
  
The HEADER section allows the air quality analyst to control the input, output and 
the execution of the program. Information provided in the header section governs all 
other sections (EPA 2002). The analyst should take care though that the HEADER 
section is not repeated while other sections could be repeated. The RUN DATA section 
 SCENARIO RECORD in scenario section only. 
 CALENDAR YEAR in scenario section only. 
END OF RUN in scenario section only. 
MOBILE6 also has the capability of running multiple input files using the MOBILE6 
BATCH FILE command (EPA 2002).  
The structure of a simple input file can be depicted as 
**** PERFORMING PROJECT EMISSION FACTORS F
 
OR DIFFERENT SPEEDS**** 
MOBILE6 INPUT FILE : 
FUEL RVP           : 9.2 
SCENARIO RECORD    : ENVATM for 40 
REPORT FILE        : PRJ1mob.OUT 
 
RUN DATA 
 
MIN/MAX TEMPERATURE: 60. 60. 
 
CALENDAR YEAR      : 2004 
AVERAGE SPEED      : 40 Arterial 
 
END OF RUN 
Figure 7:MOBILE6 Input file structure 
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signifies the end of the HEADER section. The SCENARIO RECORD section signifies 
the end of RUN DATA section (UCF 2004). The air quality analyst can utilize the 
multiple  of MOBILE6.  In a multiple run type file the END 
OF RUN command signifies the beginning of the next RUN DATA section. 
In the SCENARIO section the analyst should enter information specific to the each 
scenario ctors are to be calculated (EPA 2002). The air quality 
analyst m  of the commands common to all the scenarios in the RUN section 
instead of including them in each scenario. The SCENARIO RECORD command marks 
the beginning of the scenario and ends with the next SCENARIO RECORD command. 
The END OF RUN comm cluded in that RUN. 
For most of the functions MOBILE6 uses default values. However, MOBILE6 allows for 
adju
n any 
the input 
file n 
 
run capability to get most out
for which the emission fa
ay list some
and marks the end of all the scenarios in
stments to be made to these conditions in order to represent the real world driving 
conditions. The default inputs are programmed to generate the “national average” 
emission rates.   
The air quality analyst should note a few important constraints before running the 
MOBILE6 program.  The input file for MOBIlE6 contains lines of input in two formats 
mainly, free format and fixed format. Free format lets the user enter the input data i
column as long as the data is separated by a space or a separating character while in fixed 
format the user is supposed to enter the data at specific location or column in 
.  MOBILE6 commands must occur in columns 1 through 19 in the input file. A colo
which is optional can be in the 20th column. A blank space is left after the colon while the
actual data starts from column 22. Since, MOBILE6 can read only 150 characters, data 
entry should not be past the 150th column. Any number of blank spaces can occur 
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anywhere in the input file except within the MOBILE6 command blocks, data line or th
command line. It should also be noted that MOBILE6 accepts only up to 80 characters of 
filename including the file path. According to the DOS file naming conventions a 
filename can be eight characters long while the extension can be three characters lo
This naming conv
e 
ng. 
entions is often referred to as (8.3) file name limit. 
s 
e 
MOBILE6 results are given in a output file which has certain unique characteristic
(EPA 2002). A MOBILE6 output file includes an overview of the input information for 
which the results are generated such as the temperature, calendar year, evaluation month, 
fuel RVP, and other information which may be provided in a run or scenario. The 
composite Emission Factor (EF) calculated by MOBILE6 is basically a weighted averag
EF, based on the fleet mix(FDOT 1996). The composite emission rates are listed in terms 
38 
of grams/mile and are grouped according to vehicle types/ classes. 
 
 
Figure 8: Sample MOBILE6 Output results 
I*************************************************************************** 
* MOBILE6.2.01 (31-Oct-2002)                                              * 
*************************************************************************** 
  
* # # # # # # # # # # # # # # # # # # # # # # # # # 
* Input file: PRJMOB.IN (file 1, run 1).                                  * 
* ENVATM for 40                                                                                                            
* File 1, Run 1, Scenario 1.                                                       
icle types. 
pm 
GT34      LDGT      HDGV      LDDV      LDDT      HDDV        MC   All Veh 
6000     (All) 
----    ------    ------    ------    ------    ------    ------    ------ 
  0.1110              0.0358    0.0006    0.0018    0.0839    0.0058    1.0000 
------------------------------------------------------------------------------ 
     2.135     1.521     1.387    0.528     0.869     0.476      1.73     1.253 
     26.17     21.76     12.81     1.350     1.440     2.284      9.49    17.205 
* # # # # # # # # # # # # # # # # # # # # # # # # # 
  M583 Warning: 
            The user supplied arterial average speed of 40.0 
            will be used for all hours of the day.  100% of VMT 
         has been assigned to the arterial/collector roadway    
            type for all hours of the day and all veh
  M 48 Warning: 
              there are no sales for vehicle class HDGV8b   
 
    Calendar Year:  2004                 
                            Month:  Jan. 
                         Altitude:  Low  
              Minimum Temperature:  60.0 (F) 
              Maximum Temperature:  60.0 (F) 
Absolute Humidity:   75. grains/lb                 
                 Nominal Fuel RVP:   9.2 psi 
                  Weathered RVP:   9.2 psi   
              Fuel Sulfur Content:  121. p
 
              Exhaust I/M Program:  No   
                 Evap I/M Program:  No   
                      ATP Program:  No   
                 Reformulated Gas:  No 
 
       Vehicle Type:      LDGV    LDGT12    LD
               GVWR:               <6000     >
                      ------    ------    --  
   VMT Distribution:    0.4358    0.3253  
  ----------------------------------------
 Composite Emission Factors (g/mi): 
1     Composite VOC :      1.119     1.31
   Composite CO  :     16.06     20.26  
     Composite NOX :      0.959     1.219     1.620     1.321     4.835    1.244     1.394    10.745      1.36     2.081 
-----------------------------------------------------------   -----------------------------------------------------------
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These emission rates are represented for each run and scenario depending on the 
format of the input file. Descriptive output feature of MOBILE6 allows the air quality 
analyst to view the output results in greater detail. In most cases the main column of 
importance is the “All Vehicles” category which represents the general fleet mix when 
used with modeling software. 
There are several advantages using the Descriptive output command while 
performing detailed emission inventory analysis. The analyst can produce detailed results 
of emission rates for each vehicle type in the combination class instead of in groups. For 
example: using the “EXPAND LDT EFS” will group the emission rates for each category 
of light duty trucks by weight. Commands such as “EXPAND EVAP” allow the analyst 
to list the evaporative emissions by type. There are several other commands which could 
be useful to the analyst in collection of emissions inventory analysis, it is not possible to 
list every command in thesis and hence, it is advised to refer to the user’s manual of 
MOBILE6 for detailed explaination. 
 
2.7 TRANPLAN: 
 
According to (Lee et al. 1999) most of the conventional transporation planning 
models start with a predetermined traffic analysis zone (TAZ) system and follow four 
sequential steps as listed below: 
• Trip generation 
• trip distribution 
• mode choice  
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• route choice (trip assignment).  
The above mentioned steps are also applicable with TRANPLAN.  One of the 
drawbacks of these types of models according to Ding (1994) is with the use of 
Transportation Analysis Zone which is assumed to be fixed, thus neglecting the changes 
in the spatial pattern and distribution of land use and other socioeconomic changes (Ding 
and Chengri 1994). Thus, it is suggested to use these models in conjunction with the 
spatial analysis tools such as GIS in order to take into consideration the effects of 
contiguity, homogeneity and similar size of population (Ding and Chengri 1994). 
 
2.8 CAL3QHC: 
 
As the name suggests CAL3QHC derives its name from CAL3– for CALINE3, 
Q—for queue estimation and HC--for Highway Capacity Manual (HCM). One of the 
advantages with the use of CAL3QHC is that, both the emission model MOBILE6 and 
the dispersion model CAL3QHC utilize the assumption that vehicles are in either steady 
motion or idle. This checks the consistency between both the models. During the period 
1985 to 1987, Thomas Wholley and Thomas Hansen from the U.S. EPA Regional Offices 
I and IV developed the model CAL3Q. The queuing algorithm included in the model was 
developed by the Connecticut Department of Transportation (CONDOT) to estimate 
queue lengths.(Benson 1984)  
 
The main focus of this thesis work is related to the CAL3QHC model. An attempt has 
been made in this section to deal with the details with respect to its usage. For in-depth 
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guidance the user should refer to the CAL3QHC(EPA 1995) user’s guide.  One of the 
main advantages that CAL3QHC has over CALINE3.0 is in the estimation of emissions 
from idling vehicles as well.  CAL3QHC requires mainly the following inputs which are 
also required by the underlying CALINE3 model: 
• Roadway geometry 
• Receptor Locations 
• Vehicle emission rates 
• Meteorological conditions 
• Signal timing information including configuration of the intersection being 
modeled. 
In order to quantify the more precise operation of an intersection the model requires 
the following parameters: 
• Signal type 
• Vehicle arrival type 
• Saturation flow rate. 
CAL3QHC can now accommodate up to 120 roadway links, and 60 receptor 
locations, and 360 wind angles. This makes it possible to take into consideration the 
interaction between intersections located within a short distance.  In addition to the 
CALINE3.0’s inputs, CAL3QHC requires additional inputs such as idling emission rates, 
number of moving lanes in each link,  and signal timing of intersection. 
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 2.9 Queue Length: 
 
Delay formulas in the model are based on a hybrid methodology of signalized 
intersection analysis as suggested in the Highway Capacity Manual, 1985 and the 
deterministic queuing theory.  Average vehicle delay associated with the under-saturated 
condition is estimated by a simplified 1985 HCM procedure. Delay associated with 
over-saturated conditions is estimated based on the deterministic queuing theory 
procedure. Based on the average delay associated with the hybrid methodology as 
mentioned above, the model estimates the queue length, using the formula developed by 
Webster and deterministic queuing procedure.  
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2.10 Site Geometry 
 
Considering the conventional XYZ system co-ordinate geometry, North is always 
represented by the positive Y axis in CAL3QHC(Samson 1997). The model is compatible 
with the existing meteorological conventions such as 270o represents a wind from the 
west. The model takes into consideration the combined effect of emissions from each link 
on each receptor location. Meteorological variables such as surface roughness etc. are 
assumed to be spatially constant over the entire study area. 
 
2.11 Free Flow Links: 
 
According to the user’s guide for CAL3QHC, a free flow link is defined as a straight 
segment of roadway having a constant width, height, traffic volume, travel speed, and 
vehicle emission factor. A link is represented in CAL3QHC as a set of co-ordinates with 
the starting and ending point of the link. Elevation is considered to be constant over the 
length of the link. According to the guide, for free flow links it is not necessary to take 
into consideration the direction of the traffic flow. One of the restrictions that CAL3QHC 
has is that the link length should always be greater than the link width, otherwise the 
model would give an error. It becomes necessary to include a new link whenever one or 
more of the following changes: travel speed, emission rate, traffic volume, width of the 
roadway,directions. In order to take into consideration the dispersion of pollutants from 
the wake generated by the moving vehicles, 3 meters (10 feet) is added to the actual 
traveled roadway width and used for free-flow link dispersion queue links only include 
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the roadway width. The user’s guide also mentions that the difference in the height 
between the source (highway) and the receptor height cannot be greater than 10 meters 
(elevated sections of roadway) or less than -10 meters (depressed sections of the 
roadway). 
The speed of the vehicle traveling on a Free Flow link represents the speed of the 
vehicle in the absence of any delay caused by traffic signals.  A transportation engineer 
should be able to provide a better idea of the speed in real world situations from 
appropriate data collection and analysis. In the absence of appropriate data, the HCM 
1985 manual suggests different speeds for different arterial roadway classes. The analyst 
should refer to the user’s guide or the HCM manual for details. 
 
2.12 Queue Links: 
 
According to the user’s guide definition, a queue link is defined as a straight segment 
of roadway with a constant width and emission source strength, on which vehicles are 
idling for a specified period of time. A queue link is represented by the starting point and 
the ending point of the link. It should be noted that the starting point for a queue link 
always is located at the stop line. The end point of the queue link has to be specified in 
order to represent the direction of the queue link. It should be noted that the actual queue 
length is calculated within CAL3QHC based on the traffic volume and the capacity of the 
approach. 
 The model assumes that vehicles would be in idling mode during the red signal 
phase.  In order for the underlying CALINE3 model to process the queue links 
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CAL3QHC, calculates the emission source strength from the user data provided such as 
idling emission rate, the number of lanes of vehicles idling at the stopping line, and the 
percentage of red time, and converts it to a line source value for processing it with the 
CALINE3 model. The approach traffic volume or the capacity does not affect the 
strength per unit length of a line source. According to the user’s guide, these parameters 
are utilized in the determination of the length of the line source for a queue link. 
Conversion of the idle emission factor from “grams per vehicle-hour” to “micrograms per 
meter-second" is required in order to find the line source strength. Assuming that each 
vehicle occupies a length of 6 meters of the roadway the linear source strength ( Qt) for 
one traffic lane for one meter over one second can be depicted as shown in Equation 6  
below: 
  
         (6)
( ) [ ]smgFactorEmissionIdle −×
×= /
63600
610 hour)-(g/veh   Q1   µ
  
In order to take into consideration the total linear source strength, combined effect of all 
the lanes, the number of lanes and the percent time the vehicles are estimated to be in red 
time should be taken into consideration. According to the user’s guide multiplying the 
linear source strength of one lane by the number of traffic lanes in the link and the 
percent of the red time during the signal cycle gives the total linear source strength for the 
queuing link in micrograms per meter- second as depicted by the Equation 7 below: 
 
 timeredpercent lanes ofnumber Q1
t
Q ××=                                                        (7) 
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It is assumed that the vehicles would be in iling mode of operation only during the red 
time phase. In order to obtain the Linear Source Strength for a queue link the number of 
vehicles which would give the appropriate Linear Source Strength as given by CALINE3 
is estimated.  CALINE3 utilizes the following formula in order to calculate the total 
Linear Source Strength as depicted by the following formula: 
 
EFVPHtQ ××= 1726.0                                                                                                (8) 
 
According to the user’s guide, in order to convert the Line Source Strength into 
CALINE3 format CAL3QHC assigns an arbitrary value to one of the two variables in the 
above formula for calculating the VPH. Fixing the value of EF to 100 the above formula 
can be written as follows: 
 
( )1001726.0 ×= t
Q
VPH                                                                                          (9) 
 
CAL3QHC requires that the idle emission rate be input in “grams per vehicle hour”. 
Figure 9 represents a visual picture of the Queue links and Free Flow Links 
. 
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 Figure 9: Representation of Queue Links and Free Flow Links is shown above (EPA 
1995). 
X1,Y1 (BEGINNING OF FREE FLOW LINK)
X1,Y1 (BEGINNING OF QUEUE LINK) - STOPPING LINE
QUEUE LINK WIDTH (TRAVELLED 
WAY ONLY) 
FREE FLOW LINK WIDTH (TRAVELLED 
WAY+20ft OR 6m) 
X2,Y2 (POINT ALONG THIS LINE, DETERMINES 
DIRECTION OF QUEUE LINK 
XR,YR,ZR 
X2,Y2 (END OF FREE FLOW LINK)
(RECEPTOR COORDINATES)
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2.13 Queuing Algorithm: 
 
The user’s guide (EPA 1995) mentions the following input parameters are required in 
order to calculate the queue length: 
• Traffic volume of the Link 
• Signal cycle length 
• Red time length 
• clearance interval lost time 
• Saturation Flow Rate (SFR): According to the user’s guide it represents the 
maximum number of vehicles that can pass through a given intersection approach 
lane assuming that the approach lane had 100 percent of real time as effective 
green time. In order to represent an urban intersection the model recommends 
1600 VPH as a default value but allows other inputs. 
• Signal timing (ST) : Signal timing is divided into three classes depending on the 
signal type mainly: 
o Pretimed (=1) 
o actuated (=2) 
o semiactuated (=3) 
• Arrival Type (AT):  Vehicle arrival type is divided into five classes depending on 
the signal timing and the vehicle approach conditions from worst progression (=1) 
to the most favorable progression (=5) . 
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2.14 Capacity of Intersection: 
 
Effective green time is calculated by subtracting the amount of red time, start up 
delay (2.0 seconds) and the time lost during the clearance interval from the total signal 
cycle length (EPA 1995). The user’s guide also mentions that the part of the yellow phase 
time (between the green and the red phase) which is lost or unused by the motorists is 
known as clearance lost time and is dependant on factors such as signal timing and driver 
characteristics. A default value of 2.0 seconds is assumed for the clearance lost time 
representing an average or normal driving habit. In order for the Air Quality analyst to 
represent the site specific conditions, the model permits, the user to replace the clearance 
lost time by 0 to 1 seconds for aggressive drivers or 3 to 4 seconds for conservative 
drivers. Depending on these parameters the capacity of the intersection is calculated as 
follows: 
 
 
( )
CAVG
YFACKRAVGCAVGSFRC −−−×= 1)(                                                                   (10) 
 
where:  
C = hourly capacity per lane [veh/hr/lane] 
SFR = saturation flow rate [veh/lane/hr of green time] 
CAVG = cycle length [s] 
RAVG = length of red phase [s] 
K1 = start-up delay [s] = 2 s 
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YFAC = clearance interval lost time [s] 
During the red phase vehicles queue up behind the stop line of the approach lane.  As 
the signal turns green, vehicles proceed forward after a delay of around 2 seconds 
followed by the remaining vehicles in the queue (EPA 1995). According to the user’s 
guide for CAL3QHC this results in what is knows as a “shock-wave” traveling 
backwards towards the last vehicle in the queue.  
The total vehicle delay during a cycle can be represented graphically under certain 
assumptions (EPA 1995). During the red phase vehicles approaching the intersection; 
queue up behind the stopping line of the approach. During the green phase, the queue 
proceeds with an approximate delay of two seconds followed by the vehicles in the 
queue. This results in a “shock wave” traveling back towards the last vehicle in the queue 
(EPA 1995). Assuming uniform vehicle arriving rate q (vehicles/lane/second) and a 
uniform departure rate s (vehicles/lane/second) under a near saturated condition (V/C 
near to 1) the total vehicle delay cycle can be explained. Please refer to the Figure 10 
below on which the explanation is based: 
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Figure 10: Depicting the Queue and Delay Relationships at Signalized Intersections.(EPA 
1995) 
The difference along the Y- axis between slope of the arrival type and departure type 
prediction rates represents the queue on each approach lane ( i.e the number of vehicles 
on each approach lane). A vehicle arriving at the intersection at time t=t1 experiences a 
delay represented by  t2-t1 (EPA 1995). 
The total delay per cycle hence, can be represented by: FB x OF. 
where, FB= average number of vehicles queued per lane at the beginning of the green 
phase(veh). 
OF= duration of the red phase. 
Queue Estimation in Under Saturated Conditions (V/C is less than one): 
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CAL3QHC uses the following formula given by Webster in order to estimate the 
queue length in Under Saturated Conditions (EPA 1995): 
 
FB = Nu = MAX [q x D + r/2 x q, q x r]                                                                   (11) 
 
where, 
Nu= average queue per lane at the beginning of the green phase in Under Saturated 
Conditions.[ veh/lane ] 
q = vehicle arrival rate per lane [veh/lanes/s] 
D = average vehicle approach delay [s/veh] 
r = length of the red phase [s] 
 
 In the above equation the quantity q x D, represents the average queue length 
throughout the signal cycle; while r/2 x q represents the average fluctuation of the queue 
during the red phase (EPA 1995). 
 
2.15 Receptor Locations: 
 
 Receptors are represented in CAL3QHC in the XYZ coordinate system as well  
(DiCristofaro 1992). One of the major constraints on the receptor location is that it should 
not be located inside the mixing zone. According to the user’s guide definition mixing 
zone is considered to be the area of uniform emissions and turbulence. According, to the 
user’s guide receptors should be greater than the roadway height except for elevated 
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highway sections. In most of the modeling requirements, receptors are located at 
breathing height of 1.8 meters or 6 feet. 
 
2.16 Modeling Procedure: 
 
 Detailed intersection analysis becomes necessary in order to evaluate intersections 
that may cause or contribute to a violation of air quality standards. Mainly, high CO 
concentrations can occur near intersections where large volume of vehicles can 
accumulate, slow down, or idle for a long time. The downwind concentrations can vary, 
depending on the volume of the vehicles, turning movement, length of the idling time etc.  
An air quality analyst could be asked to analyze a large number of intersections in an 
urban area, which could be a time consuming task for the air quality analyst. EPA 
guidelines (EPA 1995) hence recommend the air quality analyst to select such 
intersections which have the potential to violate the NAAQS standards.  EPA guidelines 
list the procedures for the analysis and selection of intersections which can be depicted by 
the Figure 11. 
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Data Accumulation 
Traffic conditions, Roadway geometry and 
configurations. 
Screening intersections and Ranking. 
Traffic Movement analysis, Emissions 
calculation 
Selection of Receptor Locations 
Concentrations from dispersion models 
Overall concentration  
 
Figure 11:  Intersection Analysis guidelines (DiCristofaro 1992) 
 
Data can be gathered from various agencies such as local consultants, state 
departments of transportation, federal highway agencies.  
Transportation engineers can provide the air quality analyst with the volume of the 
traffic data based on the design criteria for the intersection during peak hours. With an 
ever increasing population, the vehicles have significantly increased. In order to maintain 
transportation conformity with the State Implementation Plan (SIP), transportation 
engineers need to implement proper planning and control measures.  As, discussed earlier 
the tools utilized by transportation engineers are discussed herewith in greater details. 
Congestion in urban areas has significant impact on the air quality. Congestion mitigation 
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is a primary concern of transportation engineers. Transportation engineers have tools at 
their disposal such as TRANPLAN, HCS2000, CORRSIM (new verson ACCUSIM) in 
order to simulate the real world conditions. TRANPLAN is one of the oldest and most 
versatile models which can produce trip generation data, projecting volumes, 
environmental impacts etc. (Transportation Research Board, 1985) Level of service is a 
variable indicating the conditions of the roadway with respect to the congestion, traffic 
flow, signal timing and congestion delay. The Highway Capacity Manual (HCM, TRB, 
1985) lists the level of service ranging from A (least delay) to F (high delay more than 
60seconds). Depending on the Level of Service (LOS), and traffic volume, it is possible 
to evaluate the traffic conditions. A roadway is said to be oversaturated if the volume of 
the traffic to the capacity of the roadway (V/C ratio) is greater than 1. The LOS is 
inversely related to the V/C ratio.  HCS manual has a complete set of procedures in order 
to evaluate the maximum vehicle capacity, level of service of different type of roadways. 
HCS2000 implements these procedures, and based on the results the traffic engineer can 
predict the traffic flow characteristics can be predicted, it also has the capability to 
determine the maximum vehicle capacity, delays for roadway segments and intersections 
as well. HCS2000 supports analysis of operations or for planning purposes. If the 
operations analysis is selected HCS2000 lets the user analyze the existing traffic patterns 
while the planning analysis option lets the traffic engineer evaluate the projected flow for 
a given roadway segment or intersection. More advanced software programs such as 
“synchro” let the traffic analysis engineer evaluate more complex situations such as 
multiple flow or signal combinations. HCS2000 requires mainly the inputs such as peak 
hour factor, number of lanes, usage, signals layout and phasing. Based on these input 
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values HCS2000 determines the level of service, adjusted volumes, delay and unmet 
demand.  
Ranking of the intersections could be achieved by comparing the LOS. However, 
EPA guidelines state that if the level of service for two or more roadways is the same 
then they could be ranked by degree of delay. According to the guidelines intersections 
which have changed to D,E or F due to increased volumes may require detailed 
modeling. Guidelines do point that intersections with LOS A,B or C might not require 
further analysis. EPA guidelines suggest sorting the top 20 intersections based on the 
traffic volumes. Modeling the top three intersections from amongst those selected for the 
LOS and the traffic volumes is required. If these intersections do not show a violation, 
then it is assumed that none of the others will, as these intersections have been modeled 
for the highest traffic volumes and worst LOS. However, there are screening models 
available which can model for worst case scenarios. Screening models are based on 
conservative assumptions for the project and screening models give the analyst an idea as 
to whether the project needs detailed analysis or not. Based on the screening analysis, 
only those intersections that do not achieve the NAAQS standards need to be considered. 
EPA guidelines mention the following data should be collected in order to be fed to a 
dispersion model (CAL3QHC version2.0): 
 A scaled map of the intersection along with the nearby approaches and departures. 
 Traffic engineering characteristics such as signal timing etc. 
 Link and the receptor coordinates. 
 Background CO concentrations. 
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In order to obtain accurate emission factors based on the conditions for the region it is 
necessary to input the representative temperatures for the region. EPA guidelines specify 
to obtain such data from various meteorological monitoring sites available such as 
Aerometric Information Retrieval System (AIRS) with the EPA's National Air Data Branch. 
Such data are also available from the airport meteorological monitoring sites. According to 
the guidelines, the temperature corresponding to each of the ten highest non-overlapping 8-
hour CO monitoring values for the last three years should be obtained for the specific area or 
region. Based on these ten values the average temperature can be calculated, which is then 
used with the MOBILE model. However, if appropriate data are not available EPA 
recommends using the average January temperature as an input to the MOBILE model. 
EPA guidelines suggest using a wind speed of 1.0 m/s while modeling with CAL3QHC. It 
also suggests modeling for a total of 36 wind directions or for every 10o increments in the 
wind direction starting form 0 to 350o. Since the receptors are located close to the 
intersection, some agencies might require modeling for every 5o intervals (UCF 2004).  In 
order to identify the stability class of the surrounding area the guidelines recommend the use 
of Auer’s (1978) method. Accordingly, if more than half of the area is classified as rural 
EPA suggests the use of E stability class while if the more than half of the area is classified 
as urban EPA suggests the use of D stability class. However, class D is often used for both 
urban and suburban modeling (UCF 2004). As these parameters are variable to a great 
degree, different professionals can have different views in the selection of appropriate 
values, hence, it is advised to arrive at a specific value.  Since, these parameters are 
variable to a great degree; the best procedure is to decide on these values before 
proceeding to actual modeling with valuable inputs from professionals and evaluators for 
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the region in order to meet the project objectives. CO screening models could also be 
used in order to evaluate intersections which are likely to violate the NAAQS standards 
such as ALCO instead of going through the tedious process of detailed modeling (Cooper 
et al. 2005) 
The surface roughness should be selected from the CALINE3 manual depending on 
the land use classification around the intersection. However, the guidelines recommend 
values of 321 cm for a central business, 175 cm for an office area, 108 cm for a suburban 
area and appropriate values for the various field covers can be chosen from the table in 
the user’s guide. 
In order to derive the CO-8 hour concentrations from the CO- 1 hour concentration 
EPA recommends the use of persistence factor technique (Volume 9’ 1975). Persistence 
factor is used in estimating this value, which is the ratio of the concentrations for 8 hour 
and 1 hour. The CO-8 hour concentration can be arrived at using the following formula 
suggested (Cooper 87). 
 
⎭⎬
⎫
⎩⎨
⎧ ⎟⎠
⎞⎜⎝
⎛ ∗∗=
ichour traffPeak 
CO trafficaveragehour  8 1
8 PFCO                                                        (12) 
 
EPA suggests the use of monitored concentrations in order to calculate the persistence 
factor. The persistence factor should be calculated from CO monitoring data available for 
the last three seasons. From amongst this data the persistence factor should be calculated 
for the 10 highest non overlapping 8 hour concentrations and averaged. EPA 
recommends the use of 0.7 persistence factor in case of data unavailability. Florida 
Department of Environmental Protection (FDEP) recommends the use of 0.6 in case of 
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data unavailability. However, it is suggested to use the value recommended in the State 
Implementation Plan (SIP) for that region instead of taking the default values into 
consideration. (Benson 1984))  
Total CO concentration is the sum of the background CO concentration due to the 
local area sources and the CO concentration at the area of interest(Cooper 1987). Local 
area sources here refer to sources such as other roadways, parking lots and industrial 
sources. On project level analysis the guidelines recommend the use of local monitoring 
data. The guidelines also recommend selection of background concentration from a 
representative background monitoring site which is not affected by the intersection of 
interest. According to the guidelines this background CO concentration should be 
adjusted for the future by multiplying it by the ratio of future MOBILE CO emission 
factor (EF) to the current MOBILE CO EF concentration and then multiplying it by the 
ratio of future to the current traffic volume (FDOT 1996).  
 
2.17 Technology: 
 
In order to extract the co-ordinates for the links and the receptors required by the 
underlying EPA model CAL3QHC, there were options of using a range of popular 
software packages such as AutoCAD (Tickoo 2004) by AutoDesk, Microstation 
(Anderson 2004) by Bentley, and Microsoft Visio (Walker and Eaton 2003) by Microsoft 
Corp. Each software package had its own advantages to the user and the developer, 
hence, it was difficult to choose from amongst them. AutoCAD and Microstation 
packages are widely utilized by civil engineers in design and planning work. Planning of 
roadway networks, planning and design of urban regions etc. operations can all be done 
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on a single platform such as Microstation or AutoCAD. AutoCAD being more popular as 
compared to Microstation it was decided to choose AutoCAD 2004 platform by 
AutoDesk. However, more Department of Transportations (DOT’s) use Microstation by 
Bentley and its scaled down version Redline. 
 In comparison with the previous versions of AutoCAD there were significant 
changes in the AutoCAD 2004 package in the perspectives of the user and the developer. 
From, the user’s point it eliminated more constraints and hence, is more popular. From 
the developer’s perspective there was more support for ActiveX technology about which 
a brief introduction will be given later on. AutoCAD has programming tools such as 
AutoLISP, VLISP (Visual LISP) DIESEL etc. LISP stands for List processing whereas V 
in the VLISP stands for visual LISP which is a recent addition to the AutoCAD family. 
AutoCAD also supports programming through ObjectARX in C++ environment. Figure 
12 provides the choices for development environment. 
Programming Languages Available for Accessing AutoCAD 
 
AutoLISP Visual Basic VC++ 
 
Figure 12: Choosing programming language 
On the other hand, Microstation has its own programming environments. But, both 
AutoCAD and Microstation support Visual Basic Developer environments. Hence, it was 
thought by the author to utilize Visual Basic as the Developing environment. Utilizing 
Visual Basic gave the advantage of making the application support for both Microstation 
and AutoCAD from a single interface. Since AutoCAD is more popular amongst the 
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planners and civil engineers it was decided to develop the application at first for 
AutoCAD. However, Microstation is still popular amongst Transportation engineers, and 
development for Microstation platform was decided on second phase.  
 
2.18 Visual Basic and AutoLISP: 
 
Visual Basic(VB) offered several advantages over AutoLISP a few of which are 
mentioned herewith: 
 VB offers better Graphical User Interface (GUI) support as compared to 
AutoLISP.  
 It has the ability to link to other programs easily which are windows 
based. 
 Visual Basic is considered faster than AutoLISP in conjuction with the 
speed of execution (which is not noticeable until huge amount of data has 
to be processed.) 
 Due to the connectivity that Visual Basic offers, software applications can 
be easily integrated into a database environment. This was also one of the 
main reasons to choose Visual Basic. 
 The user cannot edit the Visual Basic code without using complex 
techniques such as reverse engineering. Hence, possibility of manipulation 
of the internal code is eliminated thus securing the calculation algorithms. 
 Web- based solutions can be easily integrated into the application. 
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 With the use of user defined classes and Object Oriented (OO) features the 
developer has the ease to use the code again without having to repeat the 
whole code again. 
However, there are several advantages  of AutoLISP as well, a few of which are 
mentioned below: 
 AutoLISP code is virtually visible to the end user and can be edited very 
easily. LISP and AutoLISP stores files in the form of .lsp.  
 AutoLISP is faster to program as compared to Visual Basic. 
 AutoLISP can access the AutoCAD entities very easily. 
Some of the disadvantages with using AutoLISP are listed herewith: 
 AutoLISP would have been the preferred choice if the Life Cycle of the 
product being developed was short. AutoLISP cannot be used with 
Microstation with ease. It is important to note that AutoLISP is a built in 
programming language with AutoCAD and hence, is the main reason for 
adaptability. 
 AutoLISP does not support Object Oriented features but VisualLISP 
(newer version) is supported. Hence, mainly the code is native to 
AutoCAD specific environment. 
 AutoLISP does not support the range of databases that Visual Basic does. 
Using C++ ObjectARX programming as well the same type of tasks could be 
accomplished but ObjectARX programming is not supported with Microstation. 
Microstation on the other hand has different libraries which need to be accessed and its 
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own development environment. It is however possible to do lot of difficult tasks which 
are not possible through Visual Basic or AutoLISP.  
 
2.19 Introduction to COM (Component Object Model): 
 
COM Object is one of the key Microsoft Technologies allowing the developer to 
access other components and windows based services. It is one of the key components 
allowing developers to communicate across various applications. It is included in the 
Windows product life cycle, hence it is integrally a part of Windows. Dynamic data 
linking across applications is also possible. It is also referred to as OLE  (Object Linking 
and Embedding) but, COM is the more correct word to signify the technology. Using the 
same technique AutoDesk provides support through the AutoCAD Object Model. The 
programmable objects supported by AutoCAD can be invoked through automation. 
Based on the AutoCAD object model and through automation it was possible for the 
developer to access the AutoCAD objects programmatically. Automation allows the 
developer to create and manipulate the AutoCAD objects provided the application serves 
as an Automation Controller. Microsoft primarily designed automation techniques for 
Visual Basic Developers. Basically, the application developed (CALQCAD) serves as a 
client application to AutoCAD. According to the MSDN (Microsoft Developer Network, 
- help system for developers) an application that uses a components code by creating 
objects and calling their properties and methods is known as client.  
The main objective however is to describe the AutoCAD Object Model since most of 
the thesis work is based on it. 
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 2.20 AutoCAD Object Model: 
 
The AutoCAD object model is a huge collection of objects. The AutoCAD object 
model can be described according to the functions each collection object is designed to 
handle. The object model can be disintegrated as follows: 
 
2.21 The Application Object:  
 
 The Application Object is the first and the foremost component for AutoCAD 
ActiveX Automation. Figure 13 describes the Application Object. Application Object 
provides access to the AutoCAD Drawings through the Documents Collection. 
 
 AutoCAD Application 
 Preferences 
 Documents 
 MenuBar 
 MenuGroups 
 
Figure 13 : Application Object Model 
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2.22 Document Object Model:  
 
The Document Object provides access to the actual AutoCAD drawing. All the 
graphical entities in an AutoCAD drawing can be accessed using the ModelSpace 
collection while the non-graphical Objects can be accessed through the PaperSpace. 
Modelspace is the three dimensional space in AutoCAD where the user is actually 
creating the drawing while paper space refers to the views of the object as seen on would 
be visible on the paper after plotting the drawing. The model space is activated by default 
when the user starts AutoCAD but the user may shift between modelspace and 
paperspace using the tab keys provided at the bottom left corner of the AutoCAD screen. 
The ModelSpace is the model tab in the AutoCAD interface which is used by the user to 
edit or create drawings. The PaperSpace lets the user set the preferences in conjunction 
with the actual plotting (printing) style. Note that the ModelSpace linetypes could be set 
differently than the PaperSpace, however, CALQCAD presently deals with the 
ModelSpace. 
Figure 14 shows the structure of the Document Object Model. The document object 
model basically shows how the AutoCAD objects or entities can be manipulated.  The 
first and the foremost step that the developer has to check is with the Automation of 
AutoCAD. If AutoCAD application is not activated the AutoCAD objects or entities 
cannot be manipulated. Documents are a collection of the documents that the user may 
have opened. Collection of documents can be imagined as an array of documents that are 
open. Developer should know beforehand the document amongst the array of documents 
that needs to be manipulated. Once the document is known, various entities can be 
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created or manipulated using other collection of objects properties and methods. For eg: 
various layers can be created on the fly using the create layer property. It is not possible 
to list all the collections in details, for further information the user should refer to 
developer’s manual provided with AutoCAD. 
 
2.23 Collection Object Model: 
 
Most of the objects are grouped in the form of collections in AutoCAD. Although, 
collections could be for various types of objects these objects can be created and erased 
or deleted by the appropriate methods provided.  
 
2.24 Graphical and Non Graphical Objects: 
 
Graphical objects are normally referred to as objects that are visible in the drawing 
such as lines, arcs, polylines etc. These are the objects which actually make up the 
drawing and are usually referred to as entities in AutoCAD. Each graphical object or a 
collection of objects can be altered by the methods provided to alter the object. For 
example: A line can be copied using the copy method in correlation with the common 
editing command copy. Graphical objects have properties which refer to information 
regarding the entity, such as information regarding the layer in which the objects are 
stored etc.  
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Non graphical objects store the information regarding the linetypes etc. It is possible 
to modify the non graphical objects using the properties and methods specifically 
provided by AutoCAD.  
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Figure:14  Document Object Model
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CHAPTER 3 : METHODOLOGY 
 
3.1 Internals: 
 
The main objective was to the capture the coordinates required for the Queue and 
Free Flow links in the CAL3QHC model from an AutoCAD drawing through graphical 
editing as mentioned previously.  The previous model CALQVIEW had the capability to 
display the existing coordinates but not extract the coordinates and feed it into the 
CAL3QHC model. The AutoCAD object model was utilized for extracting the 
coordinates from the AutoCAD drawing. It was possible to create, modify, and extract 
new entities utilizing the AutoCAD object model. The Document Object model was used 
for retrieving the drawing required by the user, while the ModelSpace Object model was 
used to create new links, layers etc. Figure 15 describes the ModelSpace Object Model. 
Mainly the line, circle entities were used in the development of the application.  
Appropriate interfaces were designed for the Queue and the FreeFlow Links. There 
were a lot of possibilities in the design of the interfaces for CALQCAD. AutoDesk has a 
range of CAD products such as Land Desktop (most common with Civil/Environmental, 
Architects). and with versions as old as AutoCAD R14 the task became overwhelming 
because, each AutoCAD version has a unique way to access through automation. Old 
versions of AutoCAD did not support COM methodologies hence; it was difficult to 
provide support for very old versions which are obsolete as well. Hence, was decided to 
provide support for AutoCAD R2004.  
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 AutoCAD Application 
Documents  
Document 
 
Modelspace 
 3DFace 
3DPoly  
3DSolid 
 
Arc 
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DimDiametric 
 DimOrdinate 
Raster  
Solid 
 
 
Figure 15: Accessing the ModelSpace 
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AutoCAD Application 
 Documents 
Document 
 Modelspace 
DimOrdinate  
DimRadial 
 DimRotated 
Ellipse 
 
ExternalReference 
 Hatch 
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Line  
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 MLine 
MText 
 
Point 
 Raster
Ray 
Shape
 Solid
Text
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XLine 
Figure 15: Accessing the ModelSpace (Continuation) 
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Choose the 
appropriate  
Language and 
CAD package
Write the supporting 
code
Design the GUI
Testing and 
Debugging 
Improvements 
 
Figure 16: CALQCAD Development Process 
 
The chart above in Figure 16 depicts the overall development stages of CALQCAD. 
Initially, the task was to choose an appropriate programming language for development 
which was based on the constraints and advantages and disadvantages associated along 
with each language. Designing, the appropriate graphical user interface was done the 
next. Writing the supporting code in order to handle to handle the user interface of 
CALQCAD was also written.  The next task was testing and debugging in order to 
efficiently handle the interface and make the program more robust. 
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Automation
 
 
Figure 17: CALQCAD operations 
The Figure 17 above depicts the CALQCAD internal handling. CALQCAD has 
basically three modules each to handle the free flow links, queue links and the receptors. 
Every time a link has to be drawn or interaction with AutoCAD has to take place 
CALQCAD checks if AutoCAD exists or not through the Automation engine. Without 
automation it would not be possible to access any of the entities of AutoCAD. 
CALQCAD checks the appropriate layer; before the user is about to perform an, 
operation. CALQCAD  Modules for check layer process take care of appropriate layer. 
After the user clicks on the AutoCAD screen the coordinates are captured and the data is 
sent into the spreadsheet. If any corrections are made to the spreadsheet coordinates and 
redraw button is hit the layers are checked once again and the coordinates are redrawn. 
The redraw function within CALQCAD takes care of the deleting the entities and 
redrawing them according to the new changes provided by the user. Once the coordinates 
are checked and the user proceeds to entering the data all the data including the 
meterological information is checked before the user should click on the run CAL3QHC 
FF links 
Queue Links 
Receptors 
Engine 
Check Layer
Capture 
Coordinates
Data 
Check 
Met Info 
Create input file
Data In Run Batch
 file Redraw
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button. Data checking is done through the data check module. Before running 
CAL3QHC, CALQCAD checks if all the data exists or not.  After checking the data an 
input file for CAL3QHC is created for the user inputs on the fly. CALQCAD then 
activates CAL3QHC and runs CAL3QHC. 
 
3.2 Development of algorithms: 
 
In order to handle the numerous number of links and data associated with it, the 
author had to design algorithms. CALQVIEW functions differently than CALQCAD in a 
lot of aspects. CALQVIEW has the capability to display the links and the roadways once 
the link data was provided. CALQVIEW handled all the links from a single screen. 
However, it was decided by the author to use two different set of categories for the queue 
and the free flow links. Thus, handling each type of link separately  would avoid 
confusion for the user. One of the main tasks the author had to face was to store the data 
extracted with proper reference to the links in a spreadsheet format. The task became 
complicated due to the fact that the user would be allowed to  edit the data during any 
time and hence the links had to be redrawn again with proper referencing. 
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Draw Links 
  
Figure 18: Tasks Associated between CALQCAD and AutoCAD 
 
One of the important things that the author had to take care was efficient memory 
handling and error handling. One should note that AutoCAD requires enough memory in 
the system in order to load and perform operations with speed.  The basic design of the 
program was based on these algorithms presented herewith: 
Automation 
For each link… 
     Check layer 
     Store coordinates 
     Drawlinks 
     Display data 
       Next link 
Figure 19: Algorithm for Drawing the links 
Redraw 
Links upon 
changes 
CALQCAD 
Store Data 
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 On the other hand when the user edited the data, the links had to be redrawn and the 
old links had to be deleted. Again the problems associated with AutoCAD objects and 
error handling had to be taken care of. The following algorithm took care of the 
redrawing feature of CALQCAD. 
Automation 
For each link… 
 Check Layer 
 DeleteEntities 
 Read spreadsheet 
 Redraw links 
Next link 
 
Figure 20: Redrawing Links 
 
Similar was the case with receptor handling except for the fact that the receptors 
should be visible additional tasks were associated with redrawing and resizing the 
entities.  One should note that without proper automation it is not possible to even access 
the AutoCAD programmable objects.  
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3.3 Input and Outputs: 
 
As discussed previously in the Literature review section the model takes into 
consideration the variables required for creating the CAL3QHC input file. The user’s 
guide for CAL3QHC gives the format of the input file which is required to be created in 
order to run CAL3QHC. Figure  21 shows the format of CAL3QHC input file. 
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LINE 
NUMBER    VARIABLE NAME AND INPUT SEQUENCE 
  1       'JOB'  ATIM  ZO  VS  VD  NR  SCAL  IOPT  IDEBUG 
  2       'RCP'  XR  YR  ZR 
  3       'RUN'  NL  NM  PRINT2  'MODE' 
           (Note: 'MODE' has been added to a type 3 line. 
            Enter 'C' for CO or 'P' for PM calculations.) 
  4       IQ  (When IQ = 2, Line Number types 5a and 5b follow) 
  5a       'LNK'  'TYPE'  XL1  YL1  XL2  YL2  HL  WL  NLANES 
  5b       CAVG  RAVG  YFAC  IV  IDLFAC  SFR  ST  AT 
  4       IQ  (When IQ = 1, Line Number type 5c follows) 
  5c       'LNK'  'TYPE'  XL1  YL1  XL2  YL2  VPHL  EFL  HL  WL 
  6       U  BRG  CLAS  MIXH  AMB  'VAR'  DEGR  VAI(1)  VAI(2) 
               (Note: BRG refers to the wind direction, the direction the wind 
               is blowing FROM.  Lines 2, and 4 through 6 are repeated as 
               necessary.) 
 
 
Figure 21: CAL3QHC Input Format 
 
The above generic input format table uses variable names referenced to definitions in 
the CAL3QHC user's guide (EPA 1995): 
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Most of the interface format with regards to the handling of the meteorological data 
remained the same as in CALQVIEW.  The coordinates for the receptors mainly XR, YR, 
ZR describing the receptor positions and the links mainly XL1, YL1, XL2 YL2 as seen 
the Figure 21 were captured from the AutoCAD drawing.  
  
80 
CHAPTER 4: MODELING WITH CALQCAD 
 
4.1 Project Settings Screen: 
 
The project setting screen was designed in order for the user to track the Project (see 
Figure 22 ). Each run of CALQCAD being associated with a AutoCAD drawing it was 
thought by the author to keep track of the AutoCAD files and the corresponding 
CAL3QHC input and output files associated to a project. It has been envisaged by the 
author to design a database which would keep track of each set of files. The database 
could be thought of as a table containing the project name, CAL3QHC run, input file, 
output file. For example: each project could have several runs of CALQCAD and several 
drawings could be associated within a project and hence several runs could be associated 
with a project. Keeping track of each run and the files generated along with it seemed to 
be difficult. It would have been easier if there was a way to comment in CALQCAD The 
project settings screen at present takes into consideration the AutoCAD drawing but the 
database design seemed to be complex hence, the associated CAD file box works at 
present. Graphical user interface (as shown in Figure 22) has been designed for the 
project screens but the associated database has not been designed yet. 
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Figure 22: Project settings screen 
 
The browse button associated with the CAD file allows the user to explore and select 
the AutoCAD file  to be associated with a particular CALQCAD run. The toolbar with 
the save and open buttons allows the user to perform save and open operations. The user 
can jump to other screens once the files are loaded or proceed to the next screen using the 
next button. When the user does not load a AutoCAD drawing associated with a project 
and tries to proceed using the next button to the next screen an error message pops up 
asking the user to enter the path of the “Associated CAD file”. Without loading the 
associated CAD file the user cannot proceed to the other screens. It is important to note 
that CALQCAD is specifically designed for AutoCAD 2004 and hence a Associated 
CAD file here means a AutoCAD 2004 drawing file with extension .dwg.  
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4.2 Free Flow Links Screens: 
 
Figure 23, shows the free flow links screen. The user should take the following steps 
in order to draw a link: 
 First the user should click on the “DRAW FREE FLOW LINKS” button. Once 
the user clicks on the button, the user should move to the appropriate AutoCAD 
file which was opened through CALQCAD. User has to click on the AutoCAD 
screen, this activates AutoCAD and CALQCAD knows the file which is being 
used for graphical editing.  Note that the AutoCAD file should have the 
roadway boundary, curb details, lanes, etc. already drawn and provided for 
analysis to the air quality analyst. This would be the job of a CAD technician to 
provide the analyst with file in appropriate format, hence, the analyst should 
communicate with the technician on what details should be provided in the file 
as typical CAD design files have numerous lines and it could be confusing for 
the analyst. 
 After clicking the draw free flow links button and switching to the AutoCAD 
screen the user should note that on the command line messages are displayed 
asking the user to pick the start point of the link. After the user, selects the first 
point by clicking the user has to select the end point of the link which is also 
displayed as a message on the AutoCAD command line asking the user to 
select the end point of the line. 
 Note that while picking the points with the mouse the user can zoom in and out 
using the scroll button on the mouse and pan (moving the drawing like a sheet ) 
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by pressing the scroll button. Also note that the toggle between ortho (lines 
parallel to the x yz axis) cannot be used which the user may find useful for 
perfectly straight intersections. It is recommended that the user should turn off 
the “OSNAP” and “OTRACK” buttons while using CALQCAD. Experienced 
CAD user’s may use those tools at their discretion. The only reason here is that 
the user needs to be careful while using these tools in order to select the 
coordinates.  
 On selecting both the start and end points of the links the coordinates for the 
links are displayed on the CALQCAD FFlinks screen. 
 Later all the static information ( link name etc.) can be entered by the user. 
 The number of links are automatically incremented by CALQCAD as the user 
draws the links. 
 At any point if the user thinks that the, wrong start and end points of the link 
were selected the user can delete that link using the “CLEAR DATA” button. 
The user would find this tool most useful. Care has to be taken however, on 
which link needs to be deleted. The user should make sure that the cursor is on 
the row in the spreadsheet from where the coordinates are to be deleted. 
 Once the link has been deleted using the “CLEAR DATA” button the user can 
use the “DRAW FREE FLOW LINKS” button to create new links or just click 
the “REDRAW LINKS” button in order to redraw the new links. The user may 
also change the coordinates in the spreadsheet in order to correct the 
coordinates and click the “REDRAW LINKS” button.  
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  Using this button the 
user can create new 
links 
 
Using this button the user can 
delete the links from the 
spreadsheet. After this 
operation the user should 
click “REDRAW” button.
Using this button the user can 
“REDRAW” links when changes 
are made to the spreadsheet 
coordinates. 
 
Figure 23: Free flow links screen 
On creating a new drawing the free flow links screen allows the user to create new 
links using the “DRAW FREE FLOW LINKS” button. The user has to press the button 
for each link to be added to the AutoCAD drawing. As soon as the user adds a link to the 
drawing the coordinates for the links are entered into the spreadsheet. The X1 column 
stands for each links starting point X coordinate. Similarly, Y1 stands for the links 
starting Y coordinate. The spreadsheet with the single row in the Figure 23 corresponds 
to the line number 3 of the CAL3QHC input format (refer Figure.21). One of the 
interesting features added to CALQCAD is that it offers great flexibility to the user. The 
user does not have to remember or keep on counting the number of links being added, or 
decide before hand the number of links. CALQCAD actually keeps track of the number 
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of links being added by the user and automatically updates the total number of links. At 
present the CALQCAD model allows links editing through the spreadsheet only which 
means that in order to correct the coordinates which have been already extracted by 
CALQCAD the user should change them from the spreadsheet instead of trying to drag 
the links and expecting the change in the coordinates. Another interesting feature is that 
the model checks for all the data entered into the spreadsheet only while the user is ready 
to run the CAL3QHC model. CALQCAD creates the appropriate layers with names and 
distinct colors.  
 
4.3 Queue links Screen: 
 
One can easily understand the differences in the handling of the queue links and the 
free flow links in CALQCAD in comparison with CALQVIEW.  CALQCAD creates a  
different layer for the Queue links and assigns a unique color as well on the fly. Figure 24 
shows the CALQCAD queue links screen. CALQCAD queue links screen is quite similar 
 
Figure 24: Queue Links 
 
86 
to the free flow links screen in behavior and look. The creation of queue links is almost 
similar process to the free flow links creation process as explained in the section 4.2 
above. 
In order to distinguish between the line 5a and 5b of the CAL3HC format (Figure 23), 
the author has used colored separation with respect to the “NO OF LANES” column. The 
“NO OF LANES” column separates the line 5a and 5b (refer Figure 21). The signal 
timing data such as the cycle time, red time etc is stored on the same line.  
One can easily distinguish between the queue links and the free flow links as shown 
in the Figure 25 due to the different colors that queue links and free flow links are given. 
 
 
Figure 25: Distinguishing queue links and  free flow links  
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 4.4 Receptors screen: 
 
The design of the receptors screen was finalized by the author after many iterations. 
Apart from extracting the coordinates from the AutoCAD drawing one of the important 
task was to make the receptors visible to the eye if the drawing is zoomed out. Objects 
get smaller as one zooms out of the drawing but at the same, time objects which are 
already smaller, may not be visible hence, it was necessary to “zoom in” the receptors 
back to normal which was done with adding functionality to CALQCAD. Figure 26 
shows the receptors screen. 
 
Using this button 
user can place 
new  
receptors 
Using this button 
user can place  
receptors 
when coordinates 
 are modified in the 
spreadsheet. 
Using this slider bar the user Using this button the user can delete links 
from  spreadsheet. After clicking 
“CLEAR DATA” button  the user should 
press the relocate receptors button. 
can change the size of the  
receptors relative to the map. 
Figure 26: Receptors Screen 
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The first row labeled “DATA” in the Figure 26 stores data corresponding to the first 
line in the CAL3QHC format (Figure 21). The receptor size can be increased or 
decreased sliding the “Receptor View bar” to the right and vice versa.  
The behavior of the receptors screen is almost similar to the behavior of the links 
screens. The “REDRAW LINKS” button on the links screen corresponds to the 
“RELOCATE RECEPTORS” button on the receptors screen, while the “DRAW FREE 
FLOW LINKS” button on the free flow links screen corresponds to the “PLACE 
RECEPTORS” button on the receptors screen. The relocate button performs the same 
types of tasks on the receptors as the redraw button on the links screen. 
However, at any time while zooming in and out the user visualizes that the relative 
size of the receptors is too small in comparison with the entire drawing, the modeler can 
use the slider bar to increase the size of the receptors in relation so that they become 
visible instead of just small points on the drawing. The slider bar is located beneath the 
label “Receptor View” on the receptors screen. 
 
4.5 Layer Information 
 
While creating links and receptors CALQCAD adds layers depending on the mode of 
operations. The following layers are created while interacting with CALQCAD: 
 FFLinks:  This layer is created when the user activates “DRAW FREE FLOW 
LINKS” button on the free flow links window. 
 RedrawFFLinks: This layer is created when the  user activates “REDRAW” 
button on the free flow links window. 
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 QLinks:  This layer is created when the user presses the “DRAW QUEUE 
LINKS” button on the queue links window. 
 RedrawQLinks:  This layer is created when the user presses the “REDRAW 
LINKS” button on the queue links window. 
These layers are handled by CALQCAD internally. In order to change the coordinates 
of the links the user should go back to the appropriate cells for the coordinates of the 
queue and free flow links on the respective windows for the queue and free flow links. 
CALQCAD redraws the links in appropriate layers for the queue and the free flow 
links. In order to distinguish between the types of links, CALQCAD assigns them 
different colors. 
 
4.6 Runing CALQCAD 
 
In order to show the capabilities of CALQCAD sample runs have been presented 
herewith.  The example presented herewith correlates closely with the example in the 
user’s guide to CAL3QHC (EPA 1995). Figure 27  below shows a two way intersection 
based on which the modeling with CALQCAD was performed. 
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 Figure 27: CALQCAD example  
 
There are two lanes running on each side in the North South direction with the flow 
of traffic on either side. However, in the East West direction the flow of the traffic is 
towards east with two lanes, one way stretch  
 
 
4.7 Site Variables: 
 
Site variables as depicted in the Table1 were used for running the model. 
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Table 1:  Site Variables 
 
Sno Variables Values
1 Averaging Time (ATIM) 60 min
2 Surface Roughness(Zo) 175 cm
3 Settling Velocity(Vs) 0 cm/s
4 Deposition Velocity(Vd) 0 cm/s
5 Numer of Receptors *
6 Scale Conversion Factor 0.3048
Note:* Were decided during Run time
Site Variables
 
 
The intersection being modeled in this example is a similar to the example from 
CAL3QHC user’s guide. A snapshot of the intersection is presented in Figure 27 
CALQCAD was used for modeling the two way intersection.   
 
4.8 Steps in running CALQCAD: 
 
The steps involved in running CALQCAD and the inputs are presented herewith 
alongwith a few snapshots of the screens: 
 At first, the intersection was drawn in an AutoCAD 2004 format file named 
“CALQCADTrial.dwg”. Appropriate layers were created for the stop lines road 
boundary etc in order to distinguish each one by color. 
 Depending on the intersection geometry it was decided beforehand on which 
links should be created in order to analyze the intersection. 
 CALQCAD was activated and on the project settings screen the main 
parameter which is the associated AutoCAD drawing file name and path, was 
92 
shown using the browse button associated with the path. The file being used 
was “CALQCADTrial.dwg”. 
 
Figure 28: Project Settings for sample run 
 
 CALQCAD loaded the file “CALQCADTrial.dwg” after the next button was 
pressed on the project settings screen as shown in the Figure 28 above. The 
user can also observe that the “NEXT” button is disabled in the Figure 28 
above once the drawing gets loaded. This check is provided in order to make 
sure that only one instance of AutoCAD is opened by CALQCAD remains 
open. The user should work on the instance opened by CALQCAD and not 
other instances. 
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 Using the “DRAW FREE FLOW LINKS” button free flow links were created. 
CALQCAD captured the coordinates and stored them in a spreadsheet. The 
captured coordinates are highlighted in Figure 29.  Figure 30 shows the 
command line messages asking the user to select the “end point of the link”. 
All other information has to be entered by the user which was entered as soon 
as the coordinates were captured for a particular link. While the button was 
clicked CALQCAD asks the user to pick the start point and the end point of the 
link. On clicking the points on the AutoCAD screen (model tab) the 
coordinates are extracted from AutoCAD and a Link is drawn on the layer 
“FFlinks”. Some links needed corrections in order to align them perfectly with 
the road hence some of the links were redrawn. On redrawing the links, layer 
“RedrawFFLinks” was created with yellow color assigned to it. Seeing the 
difference in the color it was clear to the user that the links were redrawn. A 
snapshot of the coordinates that were extracted is shown in the Figure 29 
below. Table 2  also shows the coordinates that were extracted from AutoCAD 
for the free flow links.  
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 Figure 29: Free flow links screen for sample run 
 
Command Line message 
asking the user to select 
the end of the link. 
 
 
Figure 30: Free flow links screen for sample run 
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Table 2: Free flow links input values for sample run 
 
Link Name Section Type X1 Y1 X2 Y2 Veh/hr EF HL WL
NB Approach Link AG 927.1 12.6 927.1 504.3 1500 41.6 0 40
NB Departure Lin AG 927.2 504.5 927.1 983.7 1500 41.6 0 40
EB Approach Link AG 49.8 504.4 917.1 504.3 1500 41.6 0 40
EB Departure Link AG 917.1 504.3 1978.1 504.4 1500 41.6 0 40
SB App Link AG 907.1 978.2 907.2 504.3 1500 41.6 0 40
 
 Table 3 below shows the other inputs on the free flow links screen. The column 
“#Links” in the table indicates the total number of links including the queue 
links which was calculated by CALQCAD while adding the links itself. 
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Table 3: Free flow link inputs 
 
Run #Links #Mets #Output Format #Pollutant
CALQCAD Trial Run 9 1 0 CO  
 
 Similarly, the queue links were drawn. Layers “QLinks” and “RedrawQLinks” 
were created. Figure 31 below shows a snapshot of the queue links screen for 
the sample run. Table 4 shows the input values for queue links including the 
coordinates captured from AutoCAD file.  Table 4 has been split into multiple 
tables, but the user should consider it as a continuation of a single table. The 
captured coordinates are highlighted in the Figure 31. 
 
 
Figure 31: Queue links screen 
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Table 4 Input values for the queue links 
 
Link Name TYPE X1 Y1 X2 Y2 HL WIDTH
NB Queue Link AG 927.1 494.4 927.1 296.9 0 20
SB Queue Link AG 907.2 514.4 907.2 806 0 20
EB Queue Link AG 895.2 504.4 545.8 504.4 0 20
 
NO OF LANES CYCLE TIME RED TIME CLEAR TIME APPROACH VOL IDLE EF
2 90 40 3 1600 735
2 90 40 3 1600 735
2 90 40 3 1200 735
 
SFR ST AT
1600 1 3
1600 1 3
1600 1 3  
 Similarly, four receptors were placed around the intersection. On changing the 
size of the receptors, the receptors using the sliding bar on the receptors screen 
the receptors were redrawn. Layers named “Receptors” and 
“RedrawReceptors” were created by CALQCAD in order to distinguish the 
different instances of creation. Figure 32  shows a snapshot of the receptors 
screen during the run. Table 5 shows the inputs for the receptors screen.  The 
receptors coordinates that were captured by CALQCAD are highlighted in 
Figure 32.Similarly other values were entered on the receptors screen for the 
averaging time etc as shown in Table 6. 
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Figure 32: Receptors Screen 
 
Table 5: Receptor values for sample run. 
 
Receptor Name X Y Z
R1 885.2 526.3 4
R2 947.7 525 6
R3 889.9 487.9 6  
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Table 6: Other input values on receptor screen 
 
JOB ATIM Zo VS VD NR SCAL IOPT IDEBUG
CALQCAD Run 60 175 0 0 4 0.3048 1 1
 
The meteorological data were entered as for the parameters below: 
o Wind speed = 1 m/s 
o Wind angle = 0o 
o Stability class = 4 
o Mixing height = 1000 
o Background concentration =0 
o Angle variation = Y 
o Increement = 10 
o Lower angle multiplier = 0o 
o Upper angle multiplier = 36o 
 Finally the “Next Run CAL3QHC” button was clicked from one of the screens. 
CALQCAD invokes CAL3QHC in DOS mode creates an input file based on 
the parameters given by the user and extracted from AutoCAD and runs 
CAL3QHC for the input file created. The input file is depicted in Figure 33. 
For the input parameters entered CALQCAD gave the following outputs as 
shown in Figure 33.The input file was saved using the save button on the 
project settings screen. 
'CALQCAD Trial Run', 60 , 175 , 0 , 0 , 4 , 0.3048 , 1 , 1  
'R1', 885.2 , 526.3 , 6  
'R2', 947.7 , 525 , 6  
'R3', 889.9 , 487.9 , 6  
'R4', 949.7 , 487.9 , 6  
'CALQCAD Trial Run', 9 , 1 , 0 ,'CO' 
 2  
'NB Queue Link','AG', 927.1 , 494.4 , 927.1 , 296.9 , 0 , 20 , 2  
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 90 , 40 , 3 , 1600 , 735 , 1600 , 1 , 3  
 2  
'SB Queue Link','AG', 907.2 , 514.4 , 907.2 , 806 , 0 , 20 , 2  
 90 , 40 , 3 , 1600 , 735 , 1600 , 1 , 3  
 2  
'EB Queue Link','AG', 895.2 , 504.4 , 545.8 , 504.4 , 0 , 20 , 2  
 90 , 40 , 3 , 1200 , 735 , 1600 , 1 , 3  
 1  
'NB Approach Link','AG', 927.1 , 12.6 , 927.1 , 504.3 , 1500 , 41.6 , 0 , 40  
 1  
'NB Departure Link','AG', 927.2 , 504.5 , 927.1 , 983.7 , 1500 , 41.6 , 0 , 40  
 1  
'EB Approach Link','AG', 49.8 , 504.4 , 917.1 , 504.3 , 1500 , 41.6 , 0 , 40  
 1  
'EB Departure Link','AG', 917.1 , 504.3 , 1978.1 , 504.4 , 1500 , 41.6 , 0 , 40  
 1  
'SB App Link','AG', 907.1 , 978.2 , 907.2 , 504.3 , 1500 , 41.6 , 0 , 40  
 1  
'SB Dep Link','AG', 907.2 , 504.3 , 907.2 , 62.4 , 1500 , 41.6 , 0 , 40  
 1 , 0 , 4 , 1000 , 0 ,'Y', 10 , 0 , 36  
 
Figure 33: Sample CALQCAD generated input file 
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                        CAL3QHC: LINE SOURCE DISPERSION MODEL - VERSION 2.0 Dated 95221                        PAGE  1 
 
      JOB: CALQCAD Trial Run                                    RUN: CALQCAD Trial Run                        
 
      DATE :  4/19/ 5 
      TIME : 19:40: 8 
 
         The MODE flag has been set to C for calculating CO averages. 
 
       SITE & METEOROLOGICAL VARIABLES   
       ------------------------------- 
       VS =    .0 CM/S       VD =    .0 CM/S       Z0 = 175. CM 
        U =  1.0 M/S         CLAS =   4  (D)     ATIM =  60. MINUTES     MIXH =  1000. M   AMB =   .0 PPM 
 
       LINK VARIABLES 
       -------------- 
         LINK DESCRIPTION     *         LINK COORDINATES (FT)          *    LENGTH  BRG TYPE   VPH    EF      H   W    V/C QUEUE 
                              *   X1        Y1        X2        Y2     *     (FT)  (DEG)            (G/MI)  (FT) (FT)       (VEH) 
      ------------------------*----------------------------------------*---------------------------------------------------------- 
       1. NB Queue Link       *    927.1     494.4     927.1     181.3 *     313.   180. AG   1752. 100.0    .0 20.0 1.00  15.9 
       2. SB Queue Link       *    907.2     514.4     907.2     827.5 *     313.   360. AG   1752. 100.0    .0 20.0 1.00  15.9 
       3. EB Queue Link       *    895.2     504.4     764.0     504.4 *     131.   270. AG   1752. 100.0    .0 20.0  .75   6.7 
       4. NB Approach Link    *    927.1      12.6     927.1     504.3 *     492.   360. AG   1500.  41.6    .0 40.0 
       5. NB Departure Link   *    927.2     504.5     927.1     983.7 *     479.   360. AG   1500.  41.6    .0 40.0 
       6. EB Approach Link    *     49.8     504.4     917.1     504.3 *     867.    90. AG   1500.  41.6    .0 40.0 
       7. EB Departure Link   *    917.1     504.3    1978.1     504.4 *    1061.    90. AG   1500.  41.6    .0 40.0 
       8. SB App Link         *    907.1     978.2     907.2     504.3 *     474.   180. AG   1500.  41.6    .0 40.0 
       9. SB Dep Link         *    907.2     504.3     907.2      62.4 *     442.   180. AG   1500.  41.6    .0 40.0 
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                                                                                                                PAGE  2 
      JOB: CALQCAD Trial Run                                    RUN: CALQCAD Trial Run                        
 
      DATE :  4/19/ 5 
      TIME : 19:40: 8 
 
       ADDITIONAL QUEUE LINK PARAMETERS 
       -------------------------------- 
         LINK DESCRIPTION     *    CYCLE    RED     CLEARANCE  APPROACH  SATURATION   IDLE   SIGNAL   ARRIVAL 
                              *    LENGTH   TIME    LOST TIME    VOL     FLOW RATE   EM FAC   TYPE     RATE 
                              *     (SEC)   (SEC)    (SEC)      (VPH)      (VPH)    (gm/hr) 
      ------------------------*-------------------------------------------------------------------------------- 
       1. NB Queue Link       *      90       40       3.0      1600       1600     735.00      1        3 
       2. SB Queue Link       *      90       40       3.0      1600       1600     735.00      1        3 
       3. EB Queue Link       *      90       40       3.0      1200       1600     735.00      1        3 
 
       RECEPTOR LOCATIONS 
       ------------------ 
                              *           COORDINATES (FT)          * 
         RECEPTOR             *      X          Y          Z        * 
     -------------------------*-------------------------------------* 
      1. R1                   *       885.2      526.3        6.0   * 
      2. R2                   *       947.7      525.0        6.0   * 
      3. R3                   *       889.9      487.9        6.0   * 
      4. R4                   *       949.7      487.9        6.0   * 
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                                                                                                                PAGE  3 
      JOB: CALQCAD Trial Run                                    RUN: CALQCAD Trial Run                        
 
       MODEL RESULTS 
       ------------- 
 
       REMARKS : In search of the angle corresponding to 
                 the maximum concentration, only the first 
                 angle, of the angles with same maximum 
                 concentrations, is indicated as maximum. 
 
 WIND ANGLE RANGE:   0.-360. 
 
 WIND  * CONCENTRATION  
 ANGLE *      (PPM) 
 (DEGR)* REC1  REC2  REC3  REC4  
 ------*------------------------ 
   0.  *   7.7   5.8  16.2   7.4 
  10.  *  10.9   2.7  17.6   4.2 
  20.  *  11.5    .9  15.7   2.6 
  30.  *  11.0    .4  12.9   2.3 
  40.  *  10.0    .4  10.7   2.4 
  50.  *   9.0    .4   9.1   2.7 
  60.  *   8.8    .4   8.4   3.1 
  70.  *   8.9    .7   8.9   3.7 
  80.  *   9.7   1.9   9.8   4.2 
  90.  *  11.1   3.3  10.3   4.0 
 100.  *  11.5   3.8   9.4   2.6 
 110.  *  10.7   3.4   8.2   1.2 
 120.  *  10.4   2.9   8.0    .7 
 130.  *  10.5   2.6   8.1    .5 
 140.  *  11.5   2.3   8.9    .5 
 150.  *  12.7   2.3   9.7    .5 
 160.  *  13.9   3.3  10.1   1.3 
 170.  *  14.1   6.2   9.2   3.6 
 180.  *  12.0  10.4   6.7   7.5 
 190.  *   9.1  12.9   3.4  10.6 
 200.  *   7.4  12.2   1.5  11.5 
 210.  *   7.1  10.8    .7  10.9 
 220.  *   7.6   9.4    .6  10.1 
 230.  *   8.1   8.8    .7   9.2 
 240.  *   8.5   9.7    .9   9.1 
 250.  *   8.7  11.6   1.8   9.8 
 260.  *   7.6  12.7   4.3  11.8 
 270.  *   5.3  12.0   7.7  13.9 
 280.  *   2.5   9.6  10.2  14.2 
 290.  *    .8   7.8  10.8  12.6 
 300.  *    .4   7.5  10.2  11.0 
 310.  *    .3   7.7   9.3  10.4 
 320.  *    .3   8.4   8.4  10.2 
 330.  *    .5   9.0   8.2  10.8 
 340.  *   1.2   9.4   9.2  11.1 
 350.  *   3.7   8.4  12.2  10.1 
 360.  *   7.7   5.8  16.2   7.4 
 ------*------------------------ 
 MAX   *  14.1  12.9  17.6  14.2 
 DEGR. *  170   190    10   280 
 
 THE HIGHEST CONCENTRATION OF   17.60 PPM OCCURRED AT RECEPTOR REC3 . 
Figure 34: CALQCAD results  
 
104 
 CHAPTER 5: CONCLUSIONS 
 
5.1 Conclusions: 
 
CALQCAD is an attempt by the author to expedite the modeling process, keeping in 
mind future requirements. CALQCAD’s main objective was to extract the coordinates 
from an AutoCAD 2004 format file which was demonstrated successfully given the 
constraints of programming language choices etc. The author has taken care of the 
flexibility that the user might ask for while making modeling decisions. The interface was 
designed keeping in mind that users acquainted with AutoCAD as well as novice to 
AutoCAD would be using the software. A user acquainted with AutoCAD can make 
changes to a drawing file at the same time while running CALQCAD without destroying 
the data in the layers created by CALQCAD.  
CALQCAD provides the flexibility to the user as well as provides a GUI interface for 
the users. One of the other objectives was to hide the underlying code from being 
accessed by the user which was also taken care of by choosing the appropriate 
programming methods.  
With a single click the coordinates are extracted from an AutoCAD 2004 drawing file 
to a spreadsheet. CALQCAD deals the free flow links and queue links separately 
avoiding most of the confusions that could arise.  
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Another interesting feature that CALQCAD provides was that the user does not have 
to keep a track of the total number of links and the receptors being added with each link 
on the drawing file. 
Since the layers of the links and the receptors are isolated CALQCAD avoids any 
confusion that could arise with the layers in the original drawing. This helps in reviewing 
the data. 
With each complete run of CAL3QHC, CALQCAD saves the AutoCAD 2004 
drawing file. 
There are several other improvements that should be made to CALQCAD which are 
recommended in the next chapter. 
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CHAPTER 6: RECOMMENDATIONS 
 
6.1 Recommendations: 
 
CALQCAD model presently has capabilities of graphical editing and capturing the 
coordinates with ease, but these capabilities could be further enhanced by improving the 
functionality of the model in some aspects: 
 At present the user, needs to be careful while adding the links to AutoCAD and 
has to zoom in and out in order to select the right coordinates. In order to draw 
perfectly straight lines parallel to the X-axis and Y-axis the Ortho mode needs 
to be toggled.. 
 CALQVIEW handles the queue and free flow links differently than 
CALQCAD considering the underlying code. Depending on the feedback from 
the user’s some of the aspects concerned with the interface look and design of 
CALQVIEW could still be incorporated into CALQCAD. 
 Since the model, is able to read the coordinates from a AutoCAD file, error 
handling could be provided while the user selects the coordinates itself. For 
example, if the user does not select the right direction of the queue links or the 
queue links do not start at the stop line of an intersection then the user could be 
warned of the problems beforehand. Some new algorithms need to be 
developed to handle this. 
 On the same lines on which the CALQCAD model was developed the results 
from the output file could be shown on an AutoCAD file giving the user a 
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visualization of the results based on which the user could decide whether 
additional runs are necessary to run the model or not. Additional algorithms 
would be needed to handle these situations. 
 CALQCAD was mainly developed with languages available with Visual Studio 
6, with the release of Visual Studio .NET from Microsoft most of the code 
needs to be upgraded to the .NET version. The structure of the .NET version is 
totally different than that of Visual Studio 6. For further development it is 
recommended to use Visual Studio .NET. One of the main reasons for this 
recommendation is to eliminate the creation of complex DLL’s which were 
required to be created with Visual Studio 6. 
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